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Historical. 


The  most  characteristic  feature  of  chemistry  during  the 

last  ten  or  fifteen  years  has  been  the  marked  development  in 

physico-chemical  applications  to  the  problem  of  organic 

chemistry. The  existence  of  relationships  between  the  chemical 

constitution  of  organic  compounds  and  their  physical  properties 

has  long  been  known. One  of  the  first  relationships  was  that 

between  the  electrolytic  conductance  and  chemical  structure. 

I 

As  early  as  i846,Hankel    made  measurements  of  solutions 
of  electrolytes. Following  in  the  wake  of  Hankel  came  Becker 
and  Wiedeman  .These  men  measured  a  number  of  salts,  acids,  and 
bases, but  the  significance  of  conductivity  work  was  not 
thoroughly  understood  until  Arrhenius^  introduced  the  dis- 
sociation theory.  Tliis  theory  not  only  increased  the  interest 
and  significance  of  conductivity  work, but  offered  a  basis  for 
the  accurate  determination  of  the  degree  of  ionization. This 
theory  defined  the  degree  of  dissociation  of  a  compound  in  the 
following  manner, 

where  y  is  the  degree  of  ionization,  /^^the  conductivity  at  the 
concentration  C,  and  }.^the  conductivity  at  infinite  dilution. 

Previous  to  the  work  of  Kohlrausch  and  his  co-workers, 
conductivity  measurements  were  made  by  means  of  the  direct  cur- 
rent, but  because  of  the  polarizing  action  of  the  current  the 
results  were  not  accurate. Our  present  method  has  practically 
eliminated  this  deficiency  by  the  use  of  the  alternating 
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current. 

Many  workers  have  entered  this  field  of  endeavor,  each 
ttiming  his  attention  to  some  particular  phase  of  the  work. 
Jones  and  his  associates  have  been  interested  in  the  conductivity 

and  ionization  of  organic  electrolytes  at  high  temperatures, 

g 

Kendall    has  turned  his  attention  to  the  velocity  of  the 

hydrogen  ion  and  a  general  dissociation  formulae  for  acids. 

7  8  9  TO 

Ostwald,  Wegscheider,  Michael,  and  Derick     have  been  the  leaders 

in  the  field  establishing  a  relationship  between  ionization  and 

structure. 

Purpose  of  the  Work. 

The  following  work  was  undertaken  as  a  continuation  of  that 

already  carried  out  in  this  laboratory, with  the  hope  of  giving 

some  evidence  to  the  complex  problem  of  "Chain  Influence. " 

Van't  Hoff  early  recognized  that  the  atoms  in  the  molecule 

exerted  an  influence  on  each  other, which  influence  may  be  said 

to  be  spatial(direct)and  through  the  chain( indirect )  .Michael"^^ 

12 

taking  up  this  idea  of  van't  Hoff  states,  *  If  we  number  a  cer- 
tain atom  in  any  fatty  compound  with  a  normal  carbon  chain  by 
the  figure  I,  our  present  knowledge  of  the  combined  mutual 
influence, between  this  atom  and  the  others  in  the  molecule  is 
expressed  by  the  following  scale  of  combined  influence, the 
number  indicating  the  degree  of  removal  and  the  extent  of  the 
influence  decreasing  in  the  order  2-5-5-6-4-7(9-10-11) -8. It  is 
to  be  strongly  emphasized  ,that  the  effect  of  any  atom  in  the 
position  2  or  5, is  far  greater  than  any  similar  atom  less 
closely  connected, and  in  the  case  of  atoms  further  removed  the 
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influence  must  be  largely  direct  i.e,  spatial? 
13 

Derick,     on  the  other  hand, after  his  exhaustive  study  of 
a  large  number  of  acids  has  tabulated  the  ionization  constants 
of  negatively  substituted  acids  and  from  the  data  has  worked 
out  a  place  influence, 

Ln  k  unsubstituted  acids 

Place  Influence         — —  —     «  I 

In  k  substituted  acid 

and  finds  that  the  p5.ace  influence  of  chlorine  and  other 
negative  radicals  substituted  in  the  oc-  position  is  inde- 
pendent of  the  length  of  the  chadn.A  similar  fact  was  demon- 
strated for  the  (j^y,  J", etc. , positions.  He  further  proves  that 
the  "Scale  of  Influence", is  approximately  in  the  ratio  of 
thirds  and  states,"  When  the  scale  of  influence  for  a  negative 
substitutent  upon  the  carboxly  group  in  position  (I)  is  2,3,4, 

8, 9,10, etc.jthe  position  of  the  substitutent  may  be 
predicted  if  the  ionization  constant  of  the  substituted  and 
the  corresponding  unsubstituted  acids  together  with  that  of 
any  similar oc -substituted  paraffin  monocarboxylic  acid  is 
known. For  example, the  scale  of  combined  influence  for  chlorine 
in  the  monobasic  paraffin  acids  upon  the  carboxyl  group  in 
the  position  (I)  is  found  from  the  following  data, 

ka  In  k  influence 

3,oc-chlorobutyric  acid  I.39XI0~^    2.851  .6820 

4,(i-chlorobutyric  acid  8.94-KlO^    4.049  ,1873 

5,ir-chlorobutyric  acid  3.00X10""    4,523  .0621 

6,  ^- chlorovalerianic  acid  2.04x10"^    4.690  ,0229 

From  this  it  is  evident  that  the  scale  of  combined  in- 
fluence for  chlorine  in  the  monobasic  paraffin  acids  upon  the 
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carboxly  group  in  the  position  (l)  is, 

/  ;  /(f^.'v.-^;^  )  _  0.6825  :  C.I873  :  0.0627  :  0.0229 
If  we  call  the  c< -influence  one, we  have  approximately, 

^'fi'       /("i/V.'-^-O-^/^  •  •  ^/27  etc. 

In  other  words, the  effect  of  substituting  chlorine  in  the  3- 
position  is  about  1/3  of  that  in  the      -posit ion.  Similarly,  :.h at 
of  the  y-position  is  l/9  and  that  of  the  ■  /-position  1/27.* 

Michael  in  his  determination  of  influence  in  reaction 
ionization  used  the  Ostwald  Factor  which  is  stated, 

where       is  the  ionization  constant  of  the -substituted 
electrol3rte,KQ  that  of  the  unsubstituted  electrolyte,  a,  the 
factor  for  the  oc -position, This  represents  the  ratio  of  the 
total  effect  upon  the  ionization  of  the  atoms  in  the  sub- 
stituted acid  to  the  atoms  in  the  corresponding  unsubstituted 
acid, This, however, is  not  a  measure  of  the  influence  of  a 
single  atom  freed  from  the  influence  of  the  surrounding  atoms 
in  the  molecule  upon  the  reaction  ionization. 

The  question  arises  as  to  which  method  of  estimating  the  ef- 
fect of  a  single  atom  upon  the  reaction  ionization  is  correct. 

Before  this  can  be  settled,  the  question  as  to  what  is  the 
true  measure  of  any  chemical  reaction  to  occur, as  for  example 
the  reaction  ionization, must  be  settled.  Chemists  and 
physicists  now  agree  that  this  measure  is  the  decrease  in  the 
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free  energy  or  the  increase  of  the  entropy  of  the  reaction  in 

14 

question. Michael      repeatedly  makes  this  assertion  using 
entropy  to  which  Derick  agrees  but  prefers  the  use  of  free 
energy  function  rather  than  that  of  entropy. Accepting  the 
deductions  from  the  second  law  of  thermodynamics, the  expression 
A  =  RTlnk  is  obtained  for  the  reaction  of  ionization  in  which 
the  change  in  free  energy  A  for  the  reaction  of  ionization  is 
proportional  to  the  logarithm  of  the  ionization  constant  (k).At 
the  same  temperature, there-Tore, the  free  energies  of  ionization 
of  any  two  organic  acids  are  in  the  same  ratio  as  the  logarithms 
of  their  ionization  constants. Thus  a  logarithmic  function  of  the 
ionization  constant  must  be  used  to  estimate  the  influence  of  a 


given  atom  upon  the  reaction  of  ionization  as  Derick  maintains. 
This  Michael  refuses  to  do  and  is  driven  to  the  position  of 
differentiating  between  physical  and  chemical  energies,  a  position 
which  alienates  him  from  the  rest  of  the  scientific  world  and 
renders  his  position  untenable  in  the  light  of  human  experience. 

Since  the  Ostwald  Factor  Law  as  used  by  Michael, Wegscheider^ 
etc., does  not  use  the  logarithmic  function  of  the  ionization 
constant  it  is  not  a  true  measure  of  the  desired  influence. 

Further, the  Ostwald  Factor  Law  does  not  give  the  influence 
of  a  single  atom  upon  the  ionization  constant  for  a  second 
reason. These  factors  as  already  stated, represent  the  ratio  of  the 
influence  of  all  the  atoms  in  the  molecule  of  the  substituted 
acid  to  those  in  the  molecule  of  the  unsubstituted  acid. The 
influence  of  the  given  atom  must  be  freed  from  the  influence  of 
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the  other  atoms.  Derick  accomplishes  this  in  the  following 
manner. He  states,  "If  the  free  energy  of  ionization  of  an  organic 
electrolyte  is  made  up  additively  of  the  separate  influences 
of  each  atom  in  the  molecule, the  place  influence, as  for  example 
that  of  the  chlorine  atom  in  the  oc-position  of  butyric  acid, 
1^    ,may  be  foumd  as  follows, 

ML/ 

^        Iji  In  k  for  butyric  acid 

^     Iq     ,  In  k  for  chlorobutyric  acid 

1.687 

=    -  I    =  0.687. 

I 

This  L  is  freed  from  the  influence  of  the  other  atoms 

Co 

(  CHjCHg  CH  COOH)  in   oc -chlorobutyric  acid  in  the  calculations  as 
follows; The  other  atoms  (  CHjCHgCH. COOH)  differ  from  the 
unsubstituted  butyric  acid(  CHjCHgCHgCOOH  )  by  a  single  hydrogen 
atom.  The  influence  of  a  single  hydrogen  atom  upon  the  ionization 
constant  is  very  small  as  seen  in  the  unsaturated  olefinic 
acids  given  in  the  following  table. In  Table  I, the  place  influence 
represents  the  sum  of  effects  of  two  hvdrogen  atoms  on  the 
adjacent  carbon  atoms. 

Table  I. 


Ka 

In  K 

Place 
Influence 

2. 

Pentenic 

acid  CgHgCHtCHCOOH— 1.48 

10-5 

-4.830 

-  0.007 

5 

N 

"  CHgCHtCHCHsCOOH— 3.35 

10-5 

-4.475 

-f*  0.  0095 

4 

N 

"  CH2:CH(CH2)2C00H-.2.09 

10"^ 

-4,680 

0.024 

2 

Hexenic 

"CsHyCHrCHCOOH  —I.  89 

10-5 

-  4. 724 

0.0395 

5 

N 

CgHgCHtCHg  Ceen— -2.64 

10-5 

-  4.578 

0.057 
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Since  this  influence  is  small  and  since  it  occurs  additively  to 
the  free  energy  of  ionization, the  influence  of  the  other  atoms  in 
oc -chlorobutyric  acid  upon  the  ionization  may  be  taken  equal 
to  the  influence  of  all  the  other  atoms  in  the  unsubstituted 
butyric  acid.  The  expression 


In  k 

=   .2>.    -  J ,     in  which 


m  kj, 

I  I 

 =   ,  and 

A  RTlnk 


In  ^  mr±o  .  m  k^ 
Iq  ^T'lnk^  In  k^ 

To  find  the  influence  of  the  c?: -chlorine  atom  in  tA-chloro- 
butyric  acid  (  I^^)  the  influence  of  1^,  representing  the  in- 
fluence of  the  other  atoms  and  being  tsiken  equal  to  the  influence 
of  the  atoms  in  butyric  acid, must  be  subtracted  from  the 

results.  It  can  be  seen  from  the  ratio  that  this  influence  is  (l) 
Hence, 

In  In  k^ 

•^o  *-n 

In  conclusion  it  can  be  seen  that  Derick's  "Influence"  is 
measured  in  terms  of  the  tendency  of  a  reaction  to  occur(i.e.  in 
terras  of  free  energy  or  entropy)  and  is  more  nearly, if  not  com- 
pletely, freed  from  the  influence  of  the  other  atoms  upon  the 
reaction  of  ionization  than  the  Ostwald  Factor  and  the  justifi- 
cation of  its  use  is  obvious. In  reality  this  influence 
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represents  the  difference  between  the  chlorine  and  hydrogen 
atoms  in  the  given  position, but  since  that  of  the  hydrogen  atom 
is  small  in  comparison  with  that  of  the  chlorine  to  which  it 
occurs  additively, it  may  be  neglected, as  has  been  done. 


I 

I 


PREPARATION  OF  MATERIALS  AND  ANALYSES. 
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Chemicals, 

All  chemicals  used  were  Kohlbaum  CP.  products.  Before 
use, however,  they  were  again  purifies  to  obtain  a  product  of 
the  highest  degree  of  purity. It  was  hoped  by  this  precaution 
to  reduce  the  constant  error  from  this  source  to  a  minimum. 
Purification  of  Pyroracemic  Acid. 

Some  difficulty  was  experienced  in  purifying  this  acid  as 
it  easily  undergoes  hydrolysis  and  pol3nnerization. 
Polymerization  gives  methyl  succinic  acid, citraconic  acid, 
and  uvinic  acid;  hydrolysis  yields  acetic  and  formic  acids. 
Literature  on  the  acid  gives  as  its  boiling  point  165^0., under 
atmospheric  pressure  or  59°-65°C. ,  under  12-15  mm  pressure. 

It  was  found  that  this  acid  easily  polymerized  at  65<^C., 
imder  a  pressure  of  ten  mm. The  polymerization  was  noticeable 
residue  which  crystallized  on  cooling. 

The  product  obtained  by  distilling  in  vacuo  under  8-10  mm 
pressure  gave  a  clear  liquid, which  from  all  appearances, was 
pure  pyroracemic  acid. The  conductivity  data,however,proved  it 
to  be  a  very  impure  product, After  repeated  efforts  this 
method  was  abandoned. 

The  second  method  undertaken  to  purify  the  acid  was  by 
freezing  and  centrifuging.  The  acid  is  reported  by  different 
investigators  as  freezing  from  9-3  5^0, Mixtures  of  ice  and  salt 
anhydrous  calcium  chloride  and  ice  were  repeatedly  tried  as 
freezing  mixtures  without  any  success, The  only  thing  accom- 
plished by  these  freezing  mixtures  was  the  production  of  viscoui 
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fluid.As  a  last  resort  before  leaving  the  method, a  slush  of 
solid  carbon  diozide  and  ether  was  used  which  froze  the  acid 
but  it  could  not  be  centrifuged. 

The  final  method  and  the  one  which  proved  successful  was 
that  of  reduced  pressure  and  cold.  A  Geryk  piamp  was  employed  and 
all  of  the  receiving  flasks  were  placed  into  beakers  and  sur- 
rounded with  a  slush  of  solid  carbon  dioxide  sind  ether, The  dis- 
tilling bulb  containing  the  acid  was  placed  into  a  water  bath 
and  kept  at  70-  75°  C.  The  pressure  was  reduced  to  2  mm  and  the 
acid  fractionated. 

The  fraction  which  was  distilled  at  55-  56°  C  under  a  pres- 
sure of  2  mm  was  taken  for  analysis.  This  analysis  was  done  by 
conductivity  methods.  The  fraction  obtained  was  redistilled 
under  the  above  conditions.  This  time  the  fraction  coming  over 
at  52,5°  C  was  taken  for  analysis. These  two  last  fractions  did 
not  check  as  well  as    desired  and  the  final  fraction  was  again 
fractionated.  This  process  of  fractionating  and  conductivity 
measurement  was  continued  until  constant  conductance  data  was 
obtained  which  satisfied  the  criterion  to  be  discussed  later. 
The  fraction  chosen  was  perfectly  clear  and  froze  to  a  crystal- 
line mass  in  a  slush  of  solid  carbon  dioxide  and  ether. It  boils 
between  50  -  51.5°  C  under  a  pressure  of  2  mm. The  melting 
point  of  the  acid  is  given  in  literature  at  12°  C.  A  careful 
study  of  pyroracemic  acid  and  one  of  its  hydrolytic  products, 
acetic  acid,will  show  that  the  percentage  of  carbon  in  acetic 
acid  is  40. 00^  while  the  per  cent  of  carbon  in  pyroracemic  acid 
is  40.90  fb.  This  shows  plainly  that  one  could  have  as  high  as 
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40      acetic  acid  as  an  impurity  and  not  be  able  to  detect  its 
presence  by  the  usual  gravimetric  sinalysis.  Acetic  acid  melts 
at  16. 5°C, which  would  melt  between  12  -13°C  if  saturated  with 
pyroracemic  acid  as  an  impurity.lt  is  obvious  then, that  when 
investigators  reported  pyroracemic  acid  as  melting  at  12  -15°C 
they  were  in  reality  reporting  the  melting  point  of  acetic  acid 
containing  pyroracemic  acid  an  an  impurity. 

The  following  table  will  show  the  low  values  obtained  for 
the  molar  conductance  of  pyroracemic  acid  because  of  the 
presence  of  acetic  acid  when  compared  with  the  data  in  Table 
Vlll, which  is  the  accepted  data  for  the  pure  pyroracemic  acid. 

Table  11. 


^ncorre'cTeH^ToF' water"^  correct eHH^r  water. 


0.02 

0, 0024874 

124.37 

0.002484 

124,34 

0.01 

0,0015759 

157.59 

0.0015753 

157,53 

0,0075 

0,0012871 

171.63 

0.0012865 

171,53 

0.0050 

0,0009515 

190,29 

0. 00095088 

190.20 

0.C025 

0. 00056 707 

226. 85 

0,00056647 

226.60 

0, 0010 

0,00026685 

266,85 

0,00026615 

266,15 

0.00075 

0.00020735 

276,47 

0,00020665 

275,53 

0.00050 

0.0001436 

287,24 

0,0001429 

285,84 

0.00025 

0,00007576 

303,06 

0,000075064 

300,30 

0,00010 

0, 00003186 

318.59 

0,000031159 

311,60 
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Preparation  of  the  Sodium  Salt. 

The  sodium  salt  of  pyroracemic  acid  was  prepared  by- 
treating  a  known  weight  of  the  acid  with  a  calculated  amount  of 
pure  NaOH  dissolved  in  aldehyde  free,  absolute  alcohol.  The  acid 
was  distilled  previous  to  the  preparation  of  the  sodium  salt 
and  was  unquestionably  a  pure  product, The  absolute  alcohol  used 
for  preparing  the  sodium  ethylate  was  refluxed  with  KOH  to 
polymerize  the  aldehydes  sind  remove  the  acids,  etc.  The  alcohol 
was  then  distilled  from  the  KOH  in  an  atmosphere  of  pure, dry 
hydrogen  gas, The  required  amount  of  pure  NaOH  was  dissolved  in 
this  alcoholand  the  solution  of  sodium  ethylate  added  to  the 
acid  as  soon  as  it  was  prepared, in  such  proportions  that  the 
acid  was  in  slight  excess, when  the  salt  crystallized  out  as  a 
white  product. This  product  was  filtered  on  a  Biichner  funnel  with 
the  aid  of  a  suction  pump  and  washed  several  times  with  ether. 
The  salt  was  then  removed  and  dried  in  a  desiccator  over 
calcium  chloride. 

Purification  cf  the  Sodium  Salt. 

The  extreme  solubility  of  the  salt  in  water  makes  its 
purification  somewhat  difficult, while  the  possibility  of 
hydrolysis  makes  the  method  equally  objectionable.  It  was  found 
that  the  salt  is  almost  insoluble  in  absolute  alcohol. A  large 
volume  of  aldehyde  free, 95  f>  alcohol  was  used  (  400  cc  per  gram) 
as  the  most  satisfactory  solvent.  The  solution  of  the  sodium 
salt  in  this  alcohol  was  cooled  with  a  mixture  of  ice  and  salt. 
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The  sodium  salt  did  not  crystallize  out  until  the  side  of  the 
flask  was  rubbed  gently  with  a  glass  rod.  This  process  of 
crystallizing  from  95  ^  alcohol  was  repeated  three  times  and 
the  final  product  was  a  beautiful, white, crystalline  salt.  The 
product  was  filtered  off  and  dried  in  a  vacuum  desiccator. 

Preparation  of  Sodium  Salt. 
Method  11. 

The  sodium  salt  was  prepared  by  a  different  method  to 
determine  the  presence  of  errors  in  the  values  obtained  for 
its  molar  conductance  (A)  by  the  first  method.  For  this  purpose 
carbon  dioxide  free  NaOH  was  prepared  by  the  action  of  clean 
metallic  sodium  on  conductivity  water  in  an  atmosphere  of  pure, 
dry,hydrogen  gas. The  acid  was  weighed  out  into  a  small  flask  and 
titrated  with  carbon  dioxide  free  NaOH, using  phenolphthlein  as 
an  indicator. The  amount  of  salt  formed  by  the  neutralization 
of  the  acid  by  the  NaOH  was  calculated  and  the  necessary  amount 
of  water  added  in  making  the  dilutions. 

Analysis  of  Sodium  Salt. 

The  following  table  <?,ives  the  results  of  the  gravimetric 
analyses  of  the  sodium  salt. 


Table  111. 


Wt.of  Na-salt 


Wt  NagSO 


^Na  Purity 


No.l  Analysis 


0.0368 


0.0237 


20.849 


99.80 


No. 2  Analysis 


0.0414 


0.0267 


20.869 


99.85 


Calculated  for  CH-zCOCOONa 


20.90  ^ 
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But  how  much  reliance  can  be  placed  upon  analyses  as  a  criterion 
of  purity  in  this  group  has  been  discussed  above. 

Conductivity  Water, 

Experience  has  proved  that  water  of  high  conductance 
would  introduce  a  serious  error  in  the  conductivity  data,  aind 
for  this  reason  it  is  desirable  to  use  a  water  with  sufficiently 
low  conductance,  as  not  to  vitiate  the  final  results, since  the 
question  of  the  application  of  a  correction  for  the  specific 
conductance  of  water  is  still  an  open  question. 

In  the  present  work  it  was  found  expedient  to  use  water 
whose  specific  conductance  was  from  0.75X10~6  to  0.9X10-^. 

The  conductivity  water  was  obtained  from  a  copper  still 
with  double  walls, fitted  with  a  tin  coil  and  delivery  tube. The 
capacity  of  the  still  is  32  liters. Distilled  water  was  run  into 
the  still  and  200  cc  of  alkaline  permanganate  (  100  grams  of  NaOH 
6  grams  of  Klfo0^,and  1000  cc  of  water)  introduced. The  water  was 
then  heated  to  boiling  and  allowed  to  stand  over  night, being  col- 
lected the  following  morning. The  first  eight  or  ten  liters  were 
rejected  because  of  the  presence  of  ammonia.  When  this  gas  had 
eachausted  itself  the  final  water  was  collected  in  bottles  which 
had  been  used  for  this  purpose  only,  for  two  or  three  years. 
During  the  distillation  of  the  conductivity  water, the  steam  was 
only  partially  condensed  so  that  there  was  a  constant  flow  of 
steam  from  the  coil  as  the  water  was  being  collected, thus  pre- 
venting the  absorption  of  gases  from  the  atmosphere. 

Instead  of  using  stoppers  for  the  bottles, tin  foil, which 


I 


-15- 


had  been  previously  steamed, was  used  and  beakers  (  no  lips) 
placed  over  the  necks  of  the  bottles.  By  the  above  precautionary 
measures  it  was  possible  to  obtain  water  between  0.6/10-^  and 
0.9JriO"*^  in  specific  conductance. 


i 
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MEASUREMENT  OF  THE  CONDUCTANCE  OF  PYRORACEMIC  ACID 

AND 

ITS  SODIUM  SALT. 
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Apparatus, 

Thermostat, 

As  the  conductance  of  solutions  vary  considerably  with  the 
temperature  it  is  of  vital  importance  in  this  work  to  have  it 
performed  at  a  definite  temperature. This  is  best  accomplished 
by  means  of  a  thermostat  when  a  constant  temperature  room  is 
not  available. 

For  the  present  conductivity  work  a  Dewar  bulb  of  about 
six  liters  capacity  was  surrounded  by  a  cylindrical  glass  tube 
which  arrangement  permitted  of  an  air  space  between  the  two 
vessels. The  Dewar  bulb  was  filled  with  distilled  water  which  is 
agitated  by  a  rotary  siphon  stirrer.  Fitted  to  the  thermostat 
and  extending  into  the  water  is  a  calibrated  thermometer  reading 
to  0.0050c, 

The  water  in  the  thermostat  was  originally  kept  at  a  con- 
stant temperature  by  pouring  hot  or  cold  water  into  the 
thermostat.  This  was  found  to  be  somewhat  laborious  and  an 
electrical  contrivance  was  made  from  Ni-crome  wire, wound  around 
strips  of  clay  plate  and  introduced  into  the  thermostat.lt  is 
possible  by  the  above  arrangement  to  have  a  thermostat  which  is 
very  simple  in  manipulation  sind  at  the  same  time  efficient 
since  it  is  constant  to  ±  O.OIOC  during  the  measurements. 

Bridge. 

The  Kohlrausch  method  was  used  in  this  conductivity  work. 
The  bridge  was  of  the  drum  type  manufactured  by  Leeds  and  North- 
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rup  Co.-'-'  The  bridge  wire  is  mounted  on  a  marble  cylinder  15  cm 
in  diameter. There  are  ten  turns  of  wire, giving  a  total  length 
of  470  cm, A  carefully  designed  contact  point  is  mounted  upon  the 
inside  of  the  protecting  hood. The  hood  revolves  upon  a  thresded 
spindle, the  pitch  of  the    thread  being  exactly  equal  to  the 
pitch  of  the  groove  in  the  marble  block  in  which  the  wire  is 
placed. 

The  position  of  the  contact  point  is  read  by  means  of  a 
vertical  glass  which  reads  complete  turns  and  also  by  the  scale 
on  the  periphery  of  the  hood.  This  latter  scale  is  divided  into 
100  parts  each  division  being  about  6  mm. These  divisions  are 
divided  into  halves, so  that  it  is  easily  possible  to  estimate 
to  the  thousandth  of  one  complete  revolution  or  to  ten- 
thousandth  of  the  total  motion  of  the  contact  point. 

This  bridge  was  carefully  calibrated  against  standard 
resistances  and  the  corrections  plotted.  All  bridge  readings 
were  referred  to  this  chart  for  correction. 

Resistance  Box. 

The  resistance  box  is  of  the  decade"  type  which  varies  from 

1  to  10,000  ohms. This  box  was  also  calibrated  and  all  resistances 

used  were  corrected  to  an  accuracy  of  better  than  one  tenth  of 
one  percent, about  one-fiftieth  of  one  percent. 

Current. 

The  current  used  was  an  alternating  one  from  a  small 
induction  coil. 

Because  of  the  heating  effect  of  the  current, care  was 
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always  taken  to  have  the  current  passing  through  the  cell 
only  while  reading  the  bridge, 

Grlass  Apparatus. 

All  of  the  glass  apparatus  (  flasks, pipettes, etc. )  used  in 
the  conductivity  work  was  of  the  best  Jena  glass.  This  was 
steamed  thoroughly  for  48  hours  or  more.  Most  of  the  glass  appa- 
ratus had  been  in  use  for  at  least  two  years  and  has  become 
very  resistant  to  the  solvent  action  of  the  water. 

Weights-  Calibration. 

As  it  was  the  purpose  to  have  the  following  data  accurate 
to  one-tenth  of  one  per  cent, it  was  necessary  to  have  every 
piece  of  apparatus  as  nearly  accurate  as  possible.  For  this 
reason, the  weights  used  were  calibrated  and  corrected  weights 
were  used  throughout. (No  correction  to  vacuum  was  applied) 
The  weights  were  first  calibrated  by  the  method  described  by 
RichardsJ-S  where  they  were  checked  against  each  other.  Having 
obtained  corrections  for  the  weights  they  were  again  checked 
with  a  set  of  weights  calibrated  by  the  Bureau  of  Standards. 
The  two  methods  checked  to  less  than  one-tenth  of  one  per  cent 
and  the  corrections  were  therefore  considered  accurate  enough 
for  the  work. 

Cells. 

As  the  conductance  work  was  carried  out  at  a  constant 
temperature  of  25^0, which  was  not  sufficiently  high  to  cause 


-19- 

a  strain  on  the  cell, two  cells  of  the  pipette  type  were  suf- 
ficient for  use,  an  acid  cell  and  a  water  cell. 

The  water  cell  was  made  from  thin  glass  having  two  large 
unplatinized  electrodes  which  had  been  sanded.  These  electrodes 
were  connected  to  platinum  wire  which  was  fused  into  the  glass 
and  the  connections  were  made  by  means  of  mercury.  The  acid 
amd  salt  cell  was  smaller  and  had  the  electrodes  platinized. 

Cell  Constants. 

Acid  and  Salt  Cell. 

The  cell  constant  of  the  acid  and  salt  cell  was  determined 
by  using  a  0.01  N  KCl  solution.  The  KCl  used  in  the  determination 
of  the  cell  constant  was  Kohlbaum's  C. P. product.  This  was  tested 
for  sulphates  which  were  absent.  The  salt  was  crystallized 
three  times  from  conductivity  water,  fused  in  a  platinum  dish, 
pulverized,  and  heated  in  an  air  oven  at  lOO^C  for  two  hours  aind 
then  carefully  stored  in  a  desiccator. By  this  means  a  pure 
product  was  obtained. 

A  0,01  N  KCl  solution  was  made  by  weighing  out  the  salt 
and  making  up  to  a  thousand  grams  of  solution  with  conductivity 
water.  The  specific  conductance  of  0.01  N  KCl  is  given  by 

KohlrauschlS  as  0.001413  ohms. 

The  relation  between  the  specific  conductance  of  a  solution 
and  its  conductance  as  measured  in  the  cell  of  definite  cross 
section  is  expressed  by  the  equation, 

SL 

L  =  —I  

1 
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where  L  is  the  specific  conductance,  S  the  area  of  the  cross 
section  and  1  the, distance  between  the  elect rodes, and  L  the 
conductance  as  measured  in  the  cell.  Since  the  area  of  the 
electrode  as  well  as  the  distance  between  them  is  unknown  this 
relation  is  better  expressed  for  simplicity  by. 


L    ^  LC 

where  L  is  the  specific  conductance,  L  the  conductance  as 
measured  in  the  cell  and  C  the  cell  constant. 

The  following  table  gives  the  data  for  the  cell  constant 
of  the  acid  ans  salt  cell. 

Table  IV. 


0.01  N  KCl. 

Bridge  Rheost. 


8143 
6884 
5950 
5250 


10.00 
19.99 
29.98 
39.97 


L  (uncorrect) 
0.022804 
0. 022643 
0. 022699 
0.022637 


L(correct ) 
0.022784 
0.022623 
0.022679 
0.022617 
Average  = 


C 

0.0627 

0.06247 

0.06234 

0.06253 

0,06232 


Water  Cell. 

0,01  N  KCl  was  used  in  the  determination  of  the  cell 
constant  of  the  water  cell. The  conductivity  of  0.01  N  KCl  solu- 
tion in  the  acid  cell  is  expressed  by  the  following  formulae, 

L    ==    LC  (1) 
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The  conductivity  of  0.01  N  KCl  solution  in  the  water  cell  can 
be  expressed  by  the  formulae, 

LW  ,  cWL*  (2) 
Since  the  0.01  N  KCl  was  used  in  both  cells  the  specific  con- 
ductivity is  the  same. By  combining  equations  (l)  and  (2)  we 
arrive  at  the  expression, 

CL  =  CWLW 

Since  three  of  the  values  in  the  formulae  are  known, the  C*  can 
be  easily  calculated.  The  following  results  express  the 
relationship. 


Table  V. 


0.01  N 

KCl  Solution. 

Bridge 

Rheost, 

Aver  RW 

Aver  In  C* 

c* 

5050 

39.97 

40.70 

8.75974  -10 

0.05730 

2890 

99.95 

5750 

29.98 

Solutions  of  the  Acid, 

Two  portions  of  the  pure  acid, each  sufficient  to  make  250 
or  300  fTTaiaa  of  0,02  N  solution, were  weighed  out  into  separate 
flasks, The  acid  in  each  flask  was  made  up  to  the  required 
amount  of  solution  by  weight  by  adding  conductivity  water  of 
the  specific  conductance  ce^^lO-^,  The  two  samples  were  labeled 
A  and  B.  A  conductance  was  run  on  these  two  samples  sind  if  they 
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checked, two  samples  of  0,01  N  were  prepared  from  solution  A 
by  the  addition  of  water. These  two  0.01  N  solutions  were 
labeled  A,  and  B,.  Solutions  A,  and  B^were  next  measured  and  if 
check  results  were  obtained  solution  A,  was  used  in  preparing  two 
solutions  of  0.0075  N.  This  process  was  pursued  through  the 
whole  series, each  time  making  up  at  least  two  solutions  which 
gave  check  results. 

In  all  cases  the  solutions      ,  B,, ,  B,,, etc. , were  kept  as  a 
reserve  in  case  two  or  more  solutions  made  from  A',  A",  A"'etc.,did 
not  check. 

The  specific  gravity  of  the  different  concentrations  of 
the  acid  was  also  taken  from  the  samples  B  ,B,  ,B^,  ,etc,by  means 
of  a  pycnometer.  It  was  thought  desirable  to  take  the  specific 
gravity  in  case  the  concentration  was  wanted  in  moles  per  liter; 
however,  for  accuracy  of  one-tenth  of  one  per  cent  it  msdces  no 
difference  in  which  units  the  concentrations  are  expressed 
since  they  are  so  small. 

Table  VI. 


No. 


Nor. 


Gms.  Sol, 


L  for  H2O 


Spar. 


A 
B 

A, 
B, 

A„ 
B.. 


0.02 
0.02 

0.01 
0.01 

0. 0075 
0.0075 


176.60 
182.30 

150. 00 
150.00 

100.00 
66.00 


0.6  10"^ 
0.6  10-^ 

0.6  10~^ 
0.6  10-6 

0.6  10-6 
0.6  10-6 


1.00084 
1.00084 

1. 00046 
1.00046 

1  00033 
1.00033 
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Table  VI  (con«t) 


No. 

Nor, 

Gms.  Sol, 

L  for  HgO 

Sp.  Gr, 

A., 

0. 0050 

110,00 

0.6 

10-6 

1. 00025 

0. 0050 

37.00 

0.6 

10-6 

1.00025 

0.  0035 

150, 00 

0.6 

10-6 

1. 00017 

Bii/ 

0.0025 

50.  00 

0,6 

10-6 

1.00017 

Av 

0.0010 

260. 00 

0,6 

10-6 

1. 00011 

0. 0010 

62.50 

0,6 

lO-o 

1.00011 

A  v*/ 

0. 00075 

200, 00 

0.6 

10-6 

1, OOUlO 

B/) 

0.00075 

100.00 

0,  6 

10-6 

1.00010 

A  V" 

0. 00050 

150, 00 

0,6 

10-6 

1, uouoy 

0. 00050 

150,00 

0,6 

10-6 

1.00009 

At',,, 

0.  00025 

150,00 

0,6 

10-6 

1.00000 

B^... 

0.00025 

100.00 

0,6 

10-^ 

1.00000 

A,x 

0.00010 

112,50 

0.6 

10-6 

1. 00000 

0. 00010 

75.00 

0,6 

10-^ 

1,00000 

The  amount  of  acid  originally  used  in  the  two  solutions 
A  and  B  were  0,4583  gms.  and  0,2297  gms,  respectively. 


Two  new  samples  of  the  pure  acid  were  weighed  out  into 
separate  flasks  and  sufficient  water  added  to  make  0.02  N 
solutions (moles  per  1000  gms  of  solution) .These  two  samples  were 
diluted  according  to  the  previous  scheme  and  the  following 
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tabulation  shows  the 

amount  of  acid, solution, and  water 

used 

in  the  preparation  of  the  various 

concent  rations. 

Table  Vll. 

No. 

Nor. 

Gms,  Sol, 

L  for  HgO 

Sp.Gr, 

A 

0.02 

260.00 

0.8 

10-6 

1.00091 

B 

0. 02 

150.00 

0.8 

io-*=> 

1.00091 

A, 

0.01 

250.00 

0.8 

10-6 

1.00054 

B, 

0.  01 

200. 00 

0.8 

10-6 

1. 00054 

0.0075 

200.00 

0.8 

10-^ 

1.00047 

0. 0075 

66.66 

0.8 

10-*=^ 

1,00047 

A,„ 

0. 0050 

150. 00 

0,8 

10-6 

1. 00039 

U, UUoU 

T  1  O  CA 
ll<d.  OO 

0.8 

10-6 

1. 00039 

0.  0025 

200.00 

0,8 

10-6 

1, 00030 

A  AA9K 

C  A     A  A 
OU.  00 

0.8 

10-6 

1. 00030 

Aw 

0. 0010 

250. 00 

0.8 

10-6 

1. 00023 

0. 0010 

187. 50 

0,8 

10-6 

1.00023 

A,. 

0.00075 

200.00 

0.8 

10-6 

1.00017 

0.00075 

100.00 

0.8 

10-6 

1. 00017 

A «"/ 

0.00050 

150.00 

0,8 

10-6 

1.00012 

B^„ 

0.00050 

112.50 

0,8 

10-6 

1.00012 

Ac,'/ 

0. 00025 

170.00 

0,8 

10-6 

1, 00009 

B  ►■/'/ 

0.00025 

80.00 

0,8 

10-6 

1. 00009 

A. 

0. 00010 

250.00 

0,8 

10-^ 

1, 00000 
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Tabulation  of  the  conductance  of  Pyroraceraic  Acid. 
Temperature      25^0  ±0.01°. 
L  for  the  specific  conductance  of  water- 
0.6^10-^  and  0.8X10"^.* 


Cone 

Density 

Molar  conductance 

(moles  per 

liter) 

C 

moles 

uncorrected  HgO 

corrected  for 

fiver,  l-n  L 

ffve-  T. 

A*" 

u,  u« 

7.42451 

. 002658 

132.9 

.0026514 

XOc. 0  r 

0.01 

1.00046 

7.23442 

,0017162 

171.62 

.0017154 

171,54 

0. 0075 

1. 00033 

7.15210 

, 0014194 

189.25 

.0014188 

189. 17 

0.0050 

1.00025 

7.03207 

, 0010766 

215.35 

.0010760 

215, 20 

0,0025 

1.00017 

6.81142 

,0006478 

259,12 

.0006472 

258,88 

0.0010 

1.00011 

6.49115 

, 00030974 

309, 74 

, 00030894 

308,94 

0,00075 

1.00010 

6.38461 

,  00024244 

323.25 

. 00024164 

321.92 

0. 0005 

1.00009 

6.22773 

, 00016894 

337,88 

.00016814 

336. 28 

0,00025 

1. 00000 

5, 94950 

. 00008902 

356,08 

.00008822 

353,70 

0,0001 

1.00000 

5,57322 

,00003743 

374,30 

,000036630 

366.30 

*  Note:-0, 00075  N  was  prepared  directly  and  dilutions  made 

from  this  concentration  to  0,00010  N  with  water  having  a  specific 
conductance  of  0.8xl0~°  mhos. 


Throughout  this  discussion         etc  expresses  values  un- 
corrected for  the  specific  conductance  of  water, while  L^,  etc., 
are  the  corresponding  corrected  values. 
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Tabulation  of  the  conductance  of  Pyroracemic  Acid. 
Temperature    25°C  ± 0. 01°. 


L  for  the  specific  conductance  of  water- 

0.6x10"*^  mhos. 
Table  IX. 


Cone. 

Density, 

Molar  conductance  ( 

moles  per  liter) 

C 

moles 

uncorrected  jHgO 

corrected  for  HgO. 

0.02 

1, 00084 

7.42457 

,002658 

132,90 

.0026514 

132.87 

0.01 

1.00046 

7.23550 

.0017199 

171.99 

.0017192 

171.92 

0.0075 

1.00033 

7.15210 

, 0014194 

189,20 

.0014188 

189. 17 

0.0050 

1.00025 

7.03207 

. 0010766 

215.35 

.0010760 

215.20 

0. 0025 

1, 00017 

6.81247 

,0006493 

259.60 

.0006485 

259.30 

0.0010 

l.OOOll 

6.49115 

.00030974 

309,74 

.00050894 

308.94 

0.00075 

1.00010 

6.38461 

. 00024244 

323.25 

.00024164 

321.92 

0.00050 

1.00009 

6.22842 

. 0001692 

338.40 

.0001684 

336.80 

0.00025 

1.00000 

5.94950 

.00008902 

356.08 

.00008822 

353.70 

0. 00010 

1.00000 

5.57322 

,00003743 

374.30 

,00003663 

366.30 
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Tabulation  of  the  conductance  of  the  sodium  salt 

of  pyroraceraic  acid. 
Temperature    25^±  0.01^. 
L  for  the  specific  conductance  of  water- 
0.6  ^  10"S  mhos. 

Table  X. 


Cone, 

Molar  conductance 

(  moles  per  liter) 

C 

moles 

Uncorrected  for  wate 

r 

corrected  for  water 

6.02 

7.20132 

, 0015897 

79.485 

. 0015889 

79.410 

0.01 

6,91863 

.00082915 

82.915 

.00082835 

82. 835 

0.0075 

6,79963 

. 0006305 

84.060 

.0006297 

83.910 

0. 0050 

6.63212 

. 00042866 

85, 732 

.00042786 

85.570 

0. 0025 

6.33940 

.0002185 

87.400 

.0002177 

87.080 

0.0010 

5.95349 

.00008985 

89.850 

. 00008905 

89.050 

0.00075 

5.82933 

.000067504 

90. 006 

.00006670 

88.930 

0.00050 

5.65900 

. 00004560 

91.20 

. 00004480 

89.600 

0. 00025 

5.36865 

.00002337 

93.48 

. 00002257 

90. 280 
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Tabulation  of  the  conductance  of  the  sodium  salt  of 

pyroracemic  acid. 
Temperature  25"C:fc0,0l". 
L  for  the  specific  conductance  of  water  - 


0.8    10^  nihos. 
Table  XI. 


Cone. 

Molar  conductance  (moles  per  liter) 

C 

moles 

Uncorrected  for  water 

corrected  for  water. 

ffoer.  L. 

_   

0.02 

7.20207 

, 0015925 

79.625 

.0015917 

79.580 

0.01 

6.91982 

.0008314 

83.140 

, 0008306 

83.060 

0.0075 

6.80134 

.0006329 

84.380 

,0006321 

84.280 

0.0050 

6,63262 

, 00042916 

85.835 

.00042836 

85,670 

0, 0025 

6.34143 

,0002195 

87.800 

,0002187 

87,500 

0.0010 

5,95349 

. 00008985 

89.850 

, 00008905 

89,050 

0,00075 

5,83141 

.00006783 

90,400 

,00006703 

89,300 

0.00050 

5.65994 

. 00004570 

91.400 

, 00004490 

89.800 

0,00025 

5.36865 

,00002^37 

93.48 

,00002257 

90.280 
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Tabulation  of  the  conductance  measurements  of  the  sodium 
salt  of  pyroracemic  acid  prepared  by  the  neutralization  and 
gravimetric  methods.  Columns  A,*^ represent  the  gravimetric  m 
method, while  column  /V^represents  the  neutralization  method. 

Temperature  25^0  ±0.01°. 
L  for  the  specific  conductance  of  the  water- 
A  o^d  X  -    0.8  V  10-6, 

'  z 

A        =.     1.4  ;f  10-6. 

Table  Xll. 


Cone. 


— 

Moles 

Uncorrected  for  water 

Corrected  for 

water. 

K 

K 

K 

< 

A'. 

0,02 

79.48 

79.62 

79.55 

79  41 

79  58 

79.49 

0.01 

82,  91 

83.14 

83.31 

83.12 

82.83 

83.06 

83. 17 

83.02 

0.0075 

84.06 

84,38 

84.47 

84.30 

83.96 

84,28 

84.28 

84.14 

0.0050 

85.75 

85.83 

86.20 

85.92 

85.57 

85.67 

85,90 

85.71 

0.0025 

87,40 

87.80 

87.60 

87.08 

87.50 

87.29 

0.0010 

89.85 

89,85 

89.85 

89.85 

89.05 

89.05 

89.06 

89.05 

0.00075 

90.00 

90,40 

90.20 

88,93 

89.30 

89.08 

0.00050 

91,20 

91,40 

92.16 

91.59 

89.60 

89.80 

89.36 

89.58 

0.00025 

93.48 

93,48 

93.48 

90.28 

90.28 

90.28 

&/i  art  // 


,oJZJt 


9  n  so 
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Molar  Conductance  of  Salt  at  Zero  Concentrarion. 

To  calculate  the  degree  of  ionization  of  the  acid  at  various 
concentrations  and  to  determine  the  mass  law  constant  it  is 
necessary  to  know  the  equivalent  conductance  of  the  salt  and 
acid  at  zero  concentration, The  mass  law  expression  for  the 
sodium  salt  can  be  written, 

ic  y) 
K  -  — 

cu-r) 

To  find  the  conductance  at  infinite  dilution  by  exterpolating 
from  the  known  values  of  the  molar  conductance,  the  above  expres- 
sion is  reduced  toa  linear  equation  and  then  the  plotting 
functions  obtained.  a 


=    Kc    -  K,  C)< 
A 

Therefore,  (^a;*^'^^  are  the  plotting  functions. 

A 

The  following  table  gives  the  data  for  the  sodium  salt 

and  was  used  in  the  graphs  where  ~  was  plotted  as  ordinate  and 

[(^\)^' a,s  abscissa.  Different  values  for  (n)  were  used  in  order  to 

obtain  a  straight  line  upon  which  would  lie  the  greatest  number 
of  points.  This  value  was  found  to  be  (^^/^'^for  those  values  of 

^     corrected  for  the  specific  conductance  of  the  water.  Fig.  1 

is  the  graph  of  the  corrected  values  while  Fig. 11  is  the  graph 

of  the  uncorrected  values. 
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Table  Xlll. 

Uncorrected  for  water. 

.... 

0.02 

79.91 

.012515 

. 122098 

1.3246 

0.01 

83.51 

. 012002 

9.952432 

.89603 

0.0075 

84.38 

.011851 

9.88078 

. 75994 

0.0050 

0.0025 

87,80 

.011263 

9.604858 

. 40258 

0.0010 

89.85 

.011130 

9,372112 

.23557 

0.00075 

91.76 

. 010898 

9.302626 

. 20073 

0.00050 

91,40 

,010941 

9.195952 

. 15700 

Table  Xlll^. 

Corrected  for  water. 

/Va  r. 

/t,  (ca/-^  ■ 

0.02 

79.80 

.012406 

. 122046 

1.5240 

0.01 

83.17 

,01202 

9.951976 

.8953 

0.0075 

84.28 

.011865 

9.880468 

. 75941 

0.0050 

85.70 

.011669 

9.761170 

. 59699 

0.0025 

87.50 

. 011430 

9.603964 

.40176 

0.0010 

89.05 

,011230 

9.371386 

.2343 

0.00075 

89.36 

.011191 

9.295726 

.1976 

0.00050 

89,80 

.011136 

9.191344 

. 15536 

0,00025 

90.80 

. 011076 

9.012077 

. 10282 
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A  consideration    of  the  graphs  obtained  by  using  the  above 
values    shows  that  the  best  straight  line    is  produced  by 
the  water  corrected  values. 

Molar  Conductance  of  Pyroracemic  Acid  at  Zero  Concentration 
by  the  Salt  Method, 

The  molar  conductance  of  weak  electrolytes  at  zero  con- 
centration, as  has  been  shown  on  the  previous  page,  can  be  obtainec 
independently  of  the  conductance  data  of  the  acid  by  the 
following  method. 

The  molar  conductance  at  zero  concentration  for  pyroracemic 
acid  obtained  by  these  two  methods, of fer  a  means  of  detecting 
constant  errors. It  is  to  be  pointed  out  that  the  conductance 
for  most  univalent  salts  of  weak  electrolytes  at  infinite 
dilution  fall  between  80  and  90, while  the  mobility  of  the 
hydrogen  ion  at  25°C  for  aqueous  solutions  is  between  338  and 
36 5. Hence, large  errors  in  the  conductance  data  of  the  sodium 
salt  will  not  cause  a  correspondingly  large  error  in  the 
value, since  the  value  is  additive  to  the  mobility  of  the  sodium 
and  hydrogen  ions. It  is  also  obvious  that  it  is  not  necessary 
for  the  Na  ion  to  be  known  with  the  same  degree  of  accuracy, 
since  its  value  is  51  while  that  of  the  hydrogen  ion  between 
338  and  365  at  250C. Obviously,  the  mobility  of  the  hydrogen  ion 
is  the  quantity  that  must  be  known  with  great  accuracy  and 
unfortunately  it  is  surrounded  with  the  greatest  uncertainty. 


"CALCULATED"  A  AS  A  CRITERION  OF  PRECISION  AND  OF 
CONSTANT  ERRORS. 


"Calculated"  X  as  a  Criterion  of  Precision  and  of 

o 

Constant  Errors. 

In  the  present  work  it  was  found  very  difficult  to  have 
precision  and  at  the  same  time  to  eliminate  the  constant  errors. 
It  is  this  latter  factor, over  which  there  has  been  very  little 
control  heretofore, which  has  entered  into  the  results  of  most 
conductivity  measurements, thereby  making  the  data  expressive  of 
qualitative  results  and  not  quantitative.  It  was  necessary  in  the 
work  to  have  a  criterion  sensitive  to  both  precision  and 
constant  errors,  Derick^l  has  proposed  the  "Calculated"  A  as  a 
criterion  of  precision  and  of  constant  errors  and  has  shown 
conclusively  its  use  and  advantage  over  other  criteria  for 
conductivity  work. 

It  is  shown  that  if  the  ideal  mass  law  which  holds  for  weak 

electrolytes  in  the  form  K"=-  —      or  K  ^  ,  when  o<.^  ^     ,  is 

assumed  to  hold  exactly  in  any  given  case, it  is  possible  to 
calculate  the  conduc tivit3^  at  infinite  dilution  from  the  molar 
conductance  of  the  acid  at  any  two  different  concentrations.  If 
/I  a^c^  A,  represent  any  two  molar  conductances  at  the  concen- 
trations C  and  C   respectively, then 

Calculating  for       we  have, 

%     _  (ex  -  6,k,) 

This  equation  holds  vigorously  only  when  the  ideal  mass  law  holds 
but  this  never  happens. However, certain  electrolytes  obey 
the  mass  law  accurately  enough  so  that  deviations    cannot  be 
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measured  at  small  concent rat ions. The  above  formulae  may  be  used 
to  draw  valuable  conclusions  concerning  the  conductance  of  an 
electrolyte  at  zero  concentration, Derick  has  shown  that  if  the 
mass  law  is  assumed  to  hold  approximately  as  in  the  above 
paragraph, the  percentage  error  introduced  by^and/l^can  be  calcu- 
lated from  the  following  expression, 

Differentiating, the  logarithmic  -expressjtpn  of  this  function 

~-/^  =    1^7^  L^^        '  '-^  is  obtained. 

When  the  solution  becomes  concentrated  A  approaches  zero  as  its 
limit  and  the  expression  becomes. 

As  the  solution  becomes  more  and  more  dilute  A  approaches  as 
its  limit  and  the  expression  assmes  the  form. 

It  is  clearly  seen  from  the  above  expressions  that  the 
ionization  constant  of  an  elect roylte  is  least  influenced  by 
errors  in  A  andX,in  concentrated  soult ions, provided  the  solution 
is  not  so  concentrated  that  the  expression  cx=  ~^   ceases  to  be 
a  measure  of  its  dissociation.  The  upper  limit  is  about  0.02  N 
for  weak  electrolytes  with  K  <  lO-'^. 

The  question  which  naturally  arises  is, which  value  of 
"Calculated*  A  is  most  free  from  errors  in  X  and  X.  .  Derick  shows 

O  I 

that  this  can  be  calculated  in  a  similar  manner  as  for  the  per- 
centage error  in(k)  by  assuming  C  and  C*  are  negligible. The 
differentiated  form  of  the  logarithmic  form  of  the  expression  for 
calculating       then  becomes. 
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a.  3c 


+  cX^-  2.  cX  Xj 


Then  solving  for  their  numerical  values  from  the  data  given  in 
the  Table  XV  for  pyroracemic  acid  the  values  of  (a)  and  (b) 
are. 

Table  XIV. 


c 

c» 

a 

b 

0.02 

0.001 

-,6090 

.1609 

0.02 

0.00075 

-.4645 

.1464 

0.02 

0. 00050 

-.3127 

.1314 

0.02 

0.00025 

-.1599 

.1160 

0.02 

0.00010 

-.06502 

.1062 

It  is  seen  that  the  error  in  "Calculated'*  A„  for  pyroracemic 
acid  is  never  greater  than  that  in /\  and  \  ,  depending  upon 
which  is  the  most  inerror^  as  long  as  <l  and'A^have  the  same  sign. 
Infactjfor  pyroracemic  acid  it  is  actually  less.  As  long  as 
and       are  of  the  same  sign  the  "Calculated"  X    can  be  found 
with  the  same  degree  of  accuracy  from  any  two  concentrations, 
provided  we  assume  the  ideal  mass  law  to  hold. with  a  corres- 
ponding accuracy. 

When^and^are  opposite  in  sign,  the  error  in  "Calculated" /^^^ 
increases  with  the  increase  in  the  values  of  C  and  C.  Table  XIV 

shows  that  the  "Calculated"/!^ found  by  using  concentrations  as 
as  different  as  possible, is  least  affected  by  errors  in  X  and  X, 
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when      and  ^are  opposite  in  sign.  In  the  series  of  values 
of  "Calculated"  A^in  which  C  equals  0.02  (  Table  XV  )  is  the 
the  common  concentration, G*  equal  0,0001, the  "Calculated" 
is  375. 5, while  the  average  of  all  the  values  of  "Calculated" 
is  374.2  with  a  mean  error  ofJbS.  5  for  each  value. 

Calculation  of  the  Itolar  Conductance  of  an  Organic  Elect rol3rte 
at  Zero  Concentration. 

The  "Calculated"       method  points  out  a  quick  and  simple 
method  for  the  determination  of  the  molar  conductance  of  an 
organic  electrolyte  at  zero  concentration. 

It  has  been  shown  that  weak  elect rolyiies  obey  the  mass 
law  in  the  form, 

for  all  concentrations  below  0.02  N  within  the  experimental 
error  and  hence  the  "calculated"A^ is  the  desired  molar  con- 
ductance at  zero  concentration  of  the  acid. 

Secondly,  for  transition  electrol3rtes  it  is  shown  that 
the  molar  conductance  could  be  calculated  from  any  two  values 
of  the  molar  conductance  at  the  concentrations  C  and  C*  re- 
spectively, with  the  same  accuracy  as  by  the  sodium  salt  method 
provided  the  solution  was  sufficiently  dilute.  Assuming  the 
ideal  mass  law  to  hold  for  transition  electrolytes  and 
determining  the  values  of  "Calculated" at  the  concentration 
C  and  C  respectively, Table  XV  shows  a  regular  increase  in  the 
values  of  "Calculated"),  with  decreasing  concentration, until  a 
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majcimiun  is  obtained.  This  maximum  conBtant  value  is  the  desired 
molar  conductance  for  the  transition  electrolytes  at  zero  con- 
centration within  the  limits  of  experimental  error  as  Derick21 
has  shown  from  Kendall's  measurements. 


Criterion  of 

"  C  alcul  at  ed '^^^  App  li  ed 

to  the  present  Measurements. 

Table  XV. 

Conductance  data 

Concent  ration 

A" 

0.0200 

132.87 

0.02  and  0.01 

364.80 

0.0100 

171.54 

0.0075 

367. 50 

0.0075 

189.17 

0.0050 

371.70 

0.0050 

215.20 

0.0025 

372.60 

0.0025 

258.88 

0.0010 

374.20 

0.0010 

308.94 

0.00075 

375.26* 

0.00075 

321.92 

0.00050 

375.05* 

0.00050 

336 . 28 

0. 00025 

375.15* 

0.00025 

353.70 

O.OCOlO 

375.50* 

0.00010 

366.30  . 

0.01  and  0.0075 

371.60 

0.0050 

375.10* 

0. 0025 

374.40 

0.0010 

374.90* 

0.00075 

375.99* 

0.00050 

375.48* 

0.00025 

375.30* 

0.00010 

375.62* 
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Table  XV. (  con't) 


Conductance  data,  "Calculated" 
 ^  ^  _  


0.0075  and  0.0050  378.02 

0.0025  375.00* 

0.0010  375.00* 

0.00075  376.02* 

0.00050  375.53* 

0,00025  575.37* 

0.00010  375.61* 

0.0050  and    0.0025  575.43 

0.0010  574.75 

0.00075  375.90* 

0.00050  375.44* 

0,00025  375.32* 

0.00010  575.61* 

0.0025  and    0.0010  375.00* 

0.00075  376.51 

0.00050  375.75* 

0.00025  375.32* 

0.00010  375.61* 

0.001  and      0.0C075  378.84 

0.00050  376.02* 

0.00025  375.70* 

0.00010  375.70* 

0.00075  and  0.00050  374.66* 

0.00025  376.10* 

0.00010  375.58* 
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Table  XV.(con*t)    _ 

 Conductance  data   "Calculated"   

^: 

0,00050  and  0,00025  375.04* 
0.00010  375.64* 

0,00025  and  0.00010  376.02* 

From  a  consideration  of  the  above  table  it  becomes  evident 
that  pyroracemic  acid  is  a  transition  electrolyte  and  only 
obeys  the  mass  law  in  the  above  form  at  low  concentrations. 
Hence  "Calculated" A  increases  to  a  constant  maximum  value, as  is 
seen  for  each  series, until  the  dilution  is  such  that  the  law 
is  obeyed  when  the  constant  and  maximum  value  for  \^  are  obtain- 

0 

ed  for  each  succeeding  calculation. 

The  calculations  in  this  table  are  corrected  for  water.  The 
mean  error  value  in  each  value  for  "Calculated"  a  is  ±0.4. 

a 

Only  the  values  marked  by  the  asterisk  were  used  in  cal- 
culating the  mean  error,  obviously, 

"Calculated"/l  in  the  above  case  is  equal  to  375.5  with  a 
mean  error  of  drO.4  in  each  value  as  a  precision  test. 

The  corrected  value  of  "Calculated"!  at  zero  concentration 
and  that  of  the  sodium  salt  which  is  387  shows  the  presence 
still  of  a  small  error. These  two  methods  should  check. Hence  the 
"Calculated"  A^  method  enables  one  to  detect  constant  errors 
in  this  conductance  work. 
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Criterion  of  "Calculated* 

A  aiDDlied  to  the  Dresent 

MftaRUTft-. 

ments. 

Table 

XVI. 

Conductance  data 

"Calculatea 

\  ^ 

At) 

done ent rat ion. 

0.0200  132.90 

0.02  and  0.01 

365. 47 

0.0100  171.62 

0. 0075 

368. 13 

0.0075  189.20 

0.  0050 

372.66 

0.0050  215.35 

0. 0025 

373.40 

0.0025  258.91 

0. 0010 

375. 90 

0.0010  309.74 

0. 00075 

377. 22 

0.00075  323.25 

0. 00050 

378  10* 

0.00050  337,08 

0.00025  356.08 

0.01  and  0.0075 

372. 74 

0.00010  374.30 

0. 0050 

377. 10 

0.0025 

375. 15 

0. 0010 

376. 75 

0. 00075 

378. 28* 

0. 00050 

378. 00* 

1      %  x'  xy 

0,00025 

378.38* 

0.0075  and  0.0050 

379. 47* 

0,0025 

375,47 

0.0010 

376. 92 

0. 00075 

378. 40* 

0. 00050 

378. 02* 

0, 00025 

378. 42* 

0.0050  and  0.0025 

374.05 
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Table  XVI  (con»t) 

Conductance  data  "Calculated" 

0.0050  and  0,0010 

 .  ^lU 

376  .^68 

0,00075 

378.40* 

0, 00050 

378.05* 

0, 00025 

378.42* 

0,0025  and  0.0010 

377.70 

0.00075 

379.49* 

0.00050 

378.56* 

U.  UUU<30 

0.0010  and  0.00075 

382.91 

0.00050 

379.12* 

0  00025 

378. 88* 

0.00075  and  0.00050 

378,13* 

0. 00025 

378.35* 

0.00050  and  0.00025 

378.65* 

No  water  correction  was  applied  to  the  above  cal- 
culations. The  mean  error  value  in  each  value  for  "Calculated"  A ^, 
is      0.2.  Only  the  values  marked  by  the  asterisk  were  used  in 
calculating  the  mesm  error. 

As  was  shown    in  Table  XV  pyroracemic  acid  obeys  the 
ideal  mass  law  in  the  above  form  at  low  concentrations.  The 
table  shows  an  increase  in  "Calculated" A  for  each  series  until 
a  maximum  is  obtained, However, the  maximum  is  not  obtained  with 
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the  same  degree  of  regularity  as  was  true  in  the  values  for 
"Calculated"      in  Table  XV, where  the  water  correction  was 
applied. 

"Calculated"        from  the  uncorrected  water  values  is  378,6 
with  a  mean  error  of  :k  0,2  in  each  value  as  a  precision  test. 
The  A^value  of  pyroracemic  acid  as  obtained  by  the  "Calculated" A 
method  differs  from  the  value  obtained  by  the  salt  method, There 
still  remains  a  small  constant  error  in  the  acid  which  has  been 
persistent  and  probably  cannot  be  removed. 

Application  of  Criterion  "Calculated"  A    to  Ostwald's  Data 
on  the  Conductance  of  Pyroracemic  A^id. 

Since  a  comparison  of  the  values  of  other  measurements  upon 
the  same  acid  with  the  present  one  is  desired, it  is  necessary 
to  subject  the  other  data  to  the  same  criterion  "Calculated"  X  , 
0stwald22  seems  to  have  been  the  only  one  to  measure  this  acid. 
His  data, however, was  not  accurate  enough  to  get  any  idea  of 
the  true  value  of  the  conductance  and  consequently  the  criterion 
"Calculated"      was  not  applied. 

Water  Correction, 

Probably  no  question  concerning  conductivity  data  causes 
more  consideration  than  that  of  the  water  correction.  When  shall 
it  be  applied?  Kendall^i^  carried  out  a  series  of  experiments 
using  water  of  different  conductivities  to  determine  the  range 
of  correction, After  his  conscientious  work  he  states, "It  seems 
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reasonable  to  suppose  therefore, that  with  the  use  of  water  of  a 
specific  conductivit3r  0. 90M0-*^  at  25O0.the  measurements  of 
strong  and  transition  acids  can  be  relied  on  without  correction 
up  to  high  dilutions",  Arrhenius24  discussing  this  phase  of 
the  work, believes  that  if  the  conductivity  of  the  solvent  is 
due  to  carbonic  acid, the  method  usually  adopted  in  the  case  of 
acids  and  the  salts  are  theorit ically  justified, provided  that 
the  acids  are  stronger  than  acetic  and  that  the  salts  are  salts 
of  strong  acids. On  the  other  hand, if  the  salts  are  salts  of 
weak  acids, the  correction  to  be  applied  is  less  than  that 
represented  by  the  conductivity  of  the  solvent.  Theorit ical 
correction  depends,  as  a  first  approximation,  on  the  value  of 
where  K  is  the  ionization  constant  of  the  acid, and  C  is  the 
concentration  of  the  salt. 

Obviously,  from  a  consideration  of    TableXlI,  it  is  necessary 
to  apply  the  water  correction  to  the  salt. In  each  case  the 
dilutions  were  made  with  water  of  a  different  specific  con- 
ductivity and  the  equivalent  conductance  was  too  high, especially 
is  this  noticeable  in  the  more  dilute  solutions. 

In  the  case  of  the  acid  the  values  were  obtained  both  correct- 
ed for  water  and  uncorrected  for  water. Being  a  transition 
acid  the  water  correction  should  not  be  applied. 
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lonization  Constant  of  Pyroraceinic  Acid, 

The  mass  law  constant  for  pyroracemic  acid  can  be  calculated 
by  the  expression. 

In  calculating  (k)  for  pyroracemic  acid, the  values  Jl^r  378,6 
from  the  calculated  X*^  for  the  acid  and  \     387,0  by  the  sodium 
salt  method  were  used  as  }.^,  The  following  results  were  obtained 

_____  Table  XVll. 


:i  378.60 

K  -387.00. 

0,02 

3.79 

10-^ 

0.02 

3.59 

10-3 

0.01 

3.75 

10-^ 

0.01 

3.53 

10-3 

0.0075 

3.75 

10-^ 

0.0075 

3.51 

10-3 

0,0050 

3.75 

10-^ 

0.0050 

3.49 

10-3 

0,0025 

3,71 

10-^ 

0,0025 

3.39 

10-3 

0,0010 

3,68 

10-3 

0,0010 

3.21 

10-3 

0.00075 

3,73 

10-5 

0,00075 

3.17 

10-3 

0. 00050 

5.70 

10-3 

0. 00050 

3.00 

10-3 

0. 00025 

3.71 

10-3 

Average 

3.70 

10-3 

Average 

3.40 

10-3 
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Place  Influence  of  Oxygen. 

In  order  to  find  the  place  influence  of  the  oxygen  atom  we 
use  the  equation. 

In  k  unsubstitut ed  acid 

Place  Influence  »   •   -1 

In  k  substituted  acid 

To  calculate  the      -oxygen  atom  place  influence  it  is 
necessary  to  know  the  ionization  constant  of  propionic  acid 
with  the  same  accuracy  with  which  that  of  pyroracemic  acid  has 
been  determined. This  accuracy  may  be  ascertained  by  the  appli- 
cation of  the  criterion  "Calculated*'  A  to  the  existing  data  on 

o 

propionic  acid. 

This  acid  (  propionic  acid  )  was  measured  by  Drucker^S^ 
Franke^i^,  03twald27^  and  Jones at  different  times. The  following 
table  (^ives  the  \  values  as  calculated  from  their  data. 


DRUCKER. 

Table  XVlll. 


V 

\' 

\ 

At 

0.0807 

4.987 

4.  96 

0.0807 

and 

. 04055 

-40.04 

2.06 

0.04055 

7.092 

7.05 

. 02017 

-47.006 

5.01 

0.02017 

10. 050 

9.95 

.01009 

-58.57 

9.19 

0.01009 

14. 271 

14. 10 

0.04055 

and 

.02017 

86.199 

259. 70 

0.00505 

19.861 

19.54 

. 01009 

504. 40 

276.96 

. 00505 

245.45 

247. 70 

0.02017 

and 

.01009 

-522.20 

4598.50 

. 00505 

555.50 

245.88 

.  0.01009 

and 

.00505 

196.60 

♦No  water  correction  was  made  the   JL*^  and  these  tables. 
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Pranke, 

Table  XIX.  "Calculated** 

V 

 « 

yx,  y  1.0 La 

C  OV^  CXwT  T  O- 1  I  <rvi 

A* 

1 1  055 

0  0115624  and  007ftl26 

2Sft  '56 

1 5  4ft7Q 

00'=5Q06 

26  7  "^6 

21  664 

C>X«  KjKi't 

001 Q54 

24ft  24 

512 

SO  02<5 

000<^766 

255  ft  2 

1024 

41  4ftQ 

0  007ftl?n   anti  00SQ06 

2'=^1  2S 

001 Q 54 

•  \J\J 

103  03 

000Q766 

142  71 

0  00'^Q06  and  001*^54 

237  10 

000Q766 

260  43 

0.001954  and  .0009766 

279.60 

64 

11  045 

0  15624  and  07ftl26 

177  55 

12R 

15  41  S 

00*^^06 

2ftR  55 

21  664 

001954 

253  34 

512 

O  X 

0009766 

238  82 

1024 

41  16Q 

'xX«  XU 

0  07ftl26  and  00X^06 

518  39 

001 954 

295  33 

0009766 

377  60 

0  00'^5Q06   and  001954 

222  50 

0009766 

278  64 

0.001954  and. 0009766 

277.48 
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Jones* 

Table  XIX  (con't)  "Calculated" 


A" 

T 

A. 

128 

14.57 

14.88 

.0078126  and 

.001954 

291.95 

4277.9 

512 

28,40 

29.67 

.0009766 

242. 14 

954.0 

1024 

38.94 

41.49 

.001954  and 

.0009766 

203.03 

503.3 

*  Jones  states  that  his  conductivity  water  was  1  ><.  10""^  at 
zero  degrees  which  is  about  2.5>^10~^  at  25^0  and  such  cor- 
rection r/as  applied  since  the  actual  correction  was  not  stated 
for  the  specific  acid. 

The  data  for  propionic  acid, as  the  above  tables  show, was 
not  accurate  enough  to  use  in  finding  the  "Place  Influence"  of 
the  oxygen  atom. As  time  would  not  permit  of  my  measuring  this 
acid  the"Place  Influence"  of  the  oxygen  atom  cannot  be 
calculated. 

I  wish  to  thank  Dr.C.G.Derick  for  the  constant  interest 
and  invaluable  assistance  which  he  has  shown  throughout  the 
course  of  this  investigation. 
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